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(54) ESSES SSS^^r^ PR0STHETIC APPLIANCE AND METHOD OF 
INSTALLING MEASURING OBJECT AND MEASURING DEVICE 



(57) A method of manufacturing a dental prosthesis 
Includes the steps of obtaining shape data of a portion 
lo be prostheticaily treated and shape data of a surface 
condition after It is prostheticaily treated, obtaining 
shape data of a prosthesis from the two shape data sets, 
obtaining contour data of a portion of the prosthesis core 
tacting a tissue of a Irving body and appearing outward, 



and converting the shape data of the prosthesis into a 
cutting data assuming that a connecting rib is to be con- 
nected to the prosthesis at a region appearing outward 
on the shape data of the prosthesis and substantially 
not contained In the contour data. Also, the present in- 
vention provides a method of placing and object and a 
measuring device. 
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Description 

TECHNICAL FIELD 

[0001 J The present invention relates to a method of 
manufacturing a dental prosthesis by utilizing a CAD/ 
CAM device. Also, the present invention relates to a 
method and device for placing an object so that an ob- 
jective surface of the object does not overhang when a 
surface shape of the object Is measured. 

THE BACKGROUND ART 

[0002] An attempt has been made to introduce a 
method of manufacturing a dental prosthesis by using 
the technique of CAD/CAM into the field of dentistry. In 
order to obtain a prosthetic shape from the oral cavity, 
a means for obtaining the prosthetic shape by takJng an 
impression model is effective although it is apparently 
complicated because it is a method, as a usually adopt- 
ed dental technical means, by which a precise shape of 
a dental prosthesis Is obtained in a short period of time. 
[0003] On the other hand, the calculating capacity of 
a computer has .been enhancejJ and further the price 
has been reduced, the techniques of CAD/CAM have 
come into wide use, and manufacturing a dental pros- 
thesis by utilizing the combination of the technique of 
CAD/CAM has come into practical use. 
[0004] In this connection, in the case where a dental 
prosthesis for a small decayed portion of a tooth such 
as an inlay is manufactured, it is possible to directly mold 
the decayed portion of the tooth and take it out as a mod- 
el. However, since the shape of such a dental prosthesis 
is indefinite, even if the small decayed portion is molded 
and taken out as a model, it is necessary to mark a con- 
tact margin portion coming into contact with a tooth and 
also it is necessary to mark a portion which becomes a 
surface of the tooth. Since the dental prosthesis con- 
cerned is very small and its shape is indefinite, it is com- 
plicated to directly measure the surface of the dental 
prosthesis. 

[0005] As a method of making a three-dimensional 
measurement of an object, there are provided a laser 
beam method, a contact method, a gray scale method, 
a moire method and so forth. However, when the meas- 
urement .is made In one direction, If the object has an 
overhang portion, il is impossible to measure a portion 
shaded by the overhang portion. In this case, the over- 
hang portion means a portion which protrudes in a di- 
rection perpendicular to the measuring direction. 
[0006] In order to obtain information which cannot be 
obtained from the portion shaded by the overhang por- 
tion, there is provided a method in which multiple axes 
are manually or automatically controlled. However, ac- 
tually, the adjusting axes, ranges and units are limited. 
Therefore, it is necessary to place the object at a posi- 
tion and also it is necessary to place the object in a di- 
rection so that the object can be measured under the 



above conditions. This important work must be manually 
conducted, which is complicated and difficult. 
[0007] In the case of using a measurement device, the 
degree of freedom of which is high, the accuracy is usu- 
s ally low. In the case of using a measurement device, 
both the accuracy and the degree of freedom of which 
are high, the cost is increased. 
[0008] In the case where an object is measured in one 
direction, it is necessary to place the object so that an 
10 overhang portion cannot be created. In this case, the 
overhang portion means a portion located at the rear of 
a protruding portion in a direction perpendicular to the 
measuring direction. However, in the case of an object, 
the shape of which is horizontal with respect to the 
15 measuring direction, or the shape of which is oblique 
and is close to the horizontal shape, it is difficult to man- 
ually place the object so that the overhang portion can- 
not be created. It can be considered that even If the over- 
hang portion is created, it is impossible to dtecriminate 
?° the overhang portion from other portions and a meas- 
urement is executed as it is. 

SUMMARY OF THE INVENTION 

* [0009] It is an object of the present invention to pro- 
vide a method of manufacturing a dental prosthesis ca- 
pable of providing a dental prosthesis, the shape of 
which is indefinite, with high accuracy. 
[0010] It is another object of the present invention to 
50 provide a method of placing an object for measurement 
and a measuring device capable of accurately measur- 
ing an object to be measured which may have an over- 
hang portion. 

[0011] In order to accomplish the above object, the 
33 present invention provides a method of obtaining shape 
measuring data of a dental prosthesis while considera- 
tion is given to machining the dental prosthesis by CAD/ 
CAM. 

[0012] That is, first, data of a natural tooth having a 
40 decayed portion are obtained from an Impression mod- 
el. After that, a temporary filler is charged into this im- 
pression model, and data of the entire tooth after pros- 
thetic treatment are obtained. Then, these two sets of 
data are differentially synthesized in the same coordi- 
45 nate space so as to obtain a shape of the dental pros- 
thesis. 

[0013] According lo this method, the calculation of a 
difference can be executed while attaching an impor- 
tance to one of three directions, and the amount of cal- 
k> culation can be reduced. That is, the surface after the 
completion of prosthetic treatment is smooth in many 
cases. In this case, it is possible that the surface is as- 
sumed to be on a plane formed by axes of X and Y. On 
the other hand, data of the decayed portion may be as- 
3 sumed to be data in the direction of 2-axis. Therefore, 
It is possible to concentrate the calculation upon one co- 
ordinate in the three dimensional coordinates. " 
[0014] Further, since the data are based on the sur- 
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face data of the tooth which has been subjected to den- 
tal prosthetic treatment, the margin line and the surface 
portion of the tooth can be easily recognized. 
[0015] Due to the foregoing, when the dental prosthe- 
sis is machined, a position of the connector for connect- 5 
ing the machining device with the machining block can 
be automatically grasped, and a space in which adhe- 
sive is coated can be easily formed. 
[0016] When the connector is mounted on the sur- 
face, the dental prosthesis and the natural tooth can be io 
connected to each other without being affected by the 
connector. The remnants produced when the connect- 
ing rib and the dental prosthesis are separated from 
each other after the completion of machining can be 
easily cut off and adjusted. is 
[0017] The present Invention provides a method of 
forming data used when a dental prosthesis, the shape 
of which is indefinite, such as an Inlay is measured and 
the dental prosthesis concerned is machined. On the as- 
sumption that the data are formed, an organized de- 20 
cayed tooth portion, into which a dental prosthesis is in- 
troduced, is f ormed. 

• A model of a shape of a decayed tooth portion is 
made of piaster by a conventional method. 25 

• Data of a surface shape of the model are obtained. 

[0018] Concerning the means for obtaining the sur- 
face shape data, there are provided a means for obtain- 
ing digital data by contact scanning on the surface con- 30 
ducted by a contact probe, an optical means in which 
laser beams are used, and a means for obtaining digital 
data by using ultrasonic waves or photographs. In order 
to obtain highly accurate surface shape data, it is pref- 
erable to adopt a means in which the contact probe is 35 
used. 



ed into three dimensional data so that the model can 
be matched with the surface data from the position- 
al viewpoint. In this case, a portion which changes 
from a position at which both data coincide with 
each other becomes boundary data (margin line) 
between the natural tooth and the dental prosthesis, 
and data showing the dental prosthesis shape is 
formed. The change maybe determined by whether 
the data exist or not. However, since errors may be 
caused in the values in some cases, it is possible 
to provide a process in which it is judged that the 
dental prosthesis portion exists when a change is 
caused in a unit distance and this change continues 
by a predetermined number of times. 
Plane coordinates caused by the surface data on 
the three-dimensional coordinates are made into a 
unit matrix, and a difference between the surface 
data corresponding to it and the surface profile data 
of a decayed portion for each unit is calculated, or 
a summation of the surface data corresponding to 
it and the surface profile data of a decayed portion 
for each unit is calculated. In this way, numeric val- 
ues necessary for machining are obtained. 
• When the thickness of a dental prosthesis in the pe- 
riphery of a boundary portion is measured and the 
measured thickness is not sufficiently large, this 
portion may be erased and the boundary portion 
may be corrected. 

[0022] This correction may be arbitrary visually 
made by a display, in the case of connection of a dental 
prosthesis shape, virtually displayed on a display ac- 
cording to the above data and a decayed tooth portion 
shape. Alternatively, this correction may be made by 
process in which every portion is equally erased. 



• A decayed portion of the decayed tooth portion 
model is prostheticalry treated, and a tooth shape 
model having a surface after the completion of pros- 
thetic treatment is obtained. 

• Surface data of the tooth shape model are obtained 
by the above method. 

[0019J Measuring a tooth model of a predetermined 
size stably as described above Is easier than directly 
measuring an indefinite dental prosthesis shape. 
[0020] Three dimensional coordinates are set on the 
basis of the surface data concerned. Alternatively, the 
surface data are converted onto the common three di- 
mensional coordinates. 

[0021] In this connection, the surface data are not 
necessarily provided with a flatness property in a portion 
to be prostheticalry treated. Further, it is not necessary 
for the surface data to have a flatness property in a por- 
tion to be prostheticalry treated. 

• The decayed tooth shape portion model is convert- 



• A correction is made according to the boundary line 
concerned so that a space (offset) in which adhe- 
sive is coated in the periphery of the dental pros- 

40 thesis data can be provided. 

• A connecting position of a rib for machining is de- 
termined from the surface data. It is preferable that 
the connecting position concerned is determined so 
that it is not contacted with the margin line. Even if 

4* the connecting position concerned is contacted with 
the margin line, it is preferable to determine the con- 
necting position so that the contact length can be 
minimized. 

50 po23] In the method of placing an object for meas- 
urement and the measuring device of the present inven- 
tion, while the system is not greatly changed, the same 
state as that of measurement is adopted when the object 
is placed so that an overhang portion cannot be created. 

J5 tn this way, the object is placed and fixed. Due to the 
foregoing, an essential and Important work of measure- 
ment, which is visually and manually conducted in the 
prior art or conducted by a highly sophisticated system, 
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can be simply and positively conducted. As a measure- 
ment system, it is sufficient that a limited function is pro- 
vided. Therefore, it is possible to put it into a wide use 
and further the cost can be reduced. 
[0024] In the present invention, in the case where a 
measurement object placing section is set to be a hori- 
zontal plane, the measurement object is moved so that 
a vertical face of the measurement object can coincide 
with a vertical side of an adjusting member and this state 
can be fixed. 

[0025] For example, the side of the adjusting member 
is contacted with the vertical face of an object to be 
measured and fixed by a holder so that the state can be 
temporarily held. An example of the holder is a jig by 
which a changed state of the measurement object can 
be fixed as it is when the adjusting member and the ver- 
tical face coincide with each other. 
[0026] The adjusting member can be substituted by a 
probe for measuring the profile ol the measurement ob- 
ject when the probe Itself has such a vertical face. In this 
connection, when at least the side of the adjusting mem- 
ber or the face originated from the side of the probe can 
be kept vertical oradjustedto be vertical, afterthemeas- 
urement object has been held on tho side of the probe, 
the state may be adjusted so that the measurement ob- 
ject placing section can be placed with respect to the 
face of the measurement object. 
[0027] In this connection, the present invention is ef- 
fectively utilized for a measuring and machining device 
for a dental prosthesis such as an artificial root of a tooth 
having a large number of indefinite measurement ob- 
jects and further having a large number of vertical and 
horizontal portions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] An embodiment of the present invention will be 
explained by referring to the appended drawings, in 
which: 

Fig. 1 is a view showing an example of a tooth hav- 
ing a decayed portion; 

Fig. 2 is a view showing an example of a tooth model 
in which the tooth model shown in Fig. 1 is tempo- 
rarily prosthetically treated; 
Fig. 3. is a view showing surface data of a tooth ob- 
tained from the example shown in Fig. 1 and also 
showing surface data of a temporary dental pros- 
thesis obtained from the example shown in Fig. 2; 
Fig. 4A is a view showing shape data of a dental so 
prosthesis; 

Fig. 4B is a view showing shape data of a dental 
prosthesis shown together with a block for machin- 
ing; 

Fig. 5 is a sectional view showing data of a dental 55 
prosthesis, taken along the line V - V in Fig. 4B; 
Fig. 6 is a view showing a machining device used 
for the present invention; 



so 



35 



40 



45 



Figs. 7A to 7E are views showing an embodiment 
of the method of placing an object for measurement 
and the measurement device of the present inven- 
tion; 

5 Figs. 8A and 8B are views showing an example of 
measuring a convex measurement object; and 
Fig. 9 is a view showing an example of a machining 
device. 

10 BEST MODE FOR CARRYING OUT THE INVENTION 



[0029] First, a model of the tooth 21 is made which 
has a surface shape having a decayed portion 22 as 
shown in Fig. 1. 

[0030] Concerning the method of making this model, 
it is possible to apply a well known technique of dental 
treatment in which an Impression material having a 
hardening property is used. 

[0031] Next, the surface shape of this tooth model is 
digitized. In order to digitize the surface shape of this 
tooth model, the surface shape is converted into surface 
shape data by a contact or non-contact method using a 
CAD/CAM device. A range of the tooth model to be dig- 
itized may include at least a periphery of the decayed 
portion. 

[0032] Next, this tooth model is temporarily prosthet- 
ically treated, so that a complete model shown in Fig. 2, 
in which the prosthesis treatment has been completed, 
is made. After that, the surface shape of this complete 
model is digitized. Reference numeral 23 is a portion 
which has been, temporarily prosthetically treated. 
[0033] When any image data are restored on an im- 
age plane of a computer, it is possible to display the 
shapes shown in Figs. 1 and 2 on a display or printer. 
Therefore, in order to make the explanation easy when 
a composite calculation is made, all data are shown in 
the form of an image in Fig. 3 and after that. 
[0034] Next, these data are converted into the same 
coordinate space. As an example of the coordinates, 
three-dimensional coordinates are shown. In order to 
make the calculation easy, the surface shape is turned 
inside out. 

[0035] In this connection, In some cases, the calcula- 
tion may be made without inverting data in the direction 
of the Z-axls. When the reference surface is on the co- 
ordinates of Y - Z axes, the calculation may be made 
around the X-axis. That is, the calculation may be ap- 
propriately selected. 

[0036] In Fig. 3, reference numeral 41 represents sur- 
face data of a temporary dental prosthesis, which has 
been temporarily prosthetically treated, in which the da- 
ta obtained from the example shown in Fig. 2 are invert- 
ed. Reference numeral 42 represents surface data of a 
tooth having a decayed portion 43 in which the data ob- 
tained from the example shown in Fig. 1 are inverted. 
The surface data 42 of a tooth and the surface data 41 
of a temporary dental prosthesis are put on each other 
in the direction of Z-axis under the condition that the sur- 
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face data 42 of the tooth and the surface data 41 of the 
temporary dental prosthesis are made to agree with the 
XY coordinates. 

[0037J As a result of putting the data together, the de- 
cayed portion 44 is shown being protruded. When the s 
data are subjected to a differential calculation, absolute 
values can be obtained, and data of Z-axis coordinates 
can be obtained with respect to the X - Y coordinates. 
[0038] The two-dimensional coordinates on the X - Y 
axis are subjected to unit division ((x1 , y 1 )(x2, y2) • (xn, io 
yn)). When data of the Z-axis with respect to the X - Y 
coordinates data for each unit are obtained, the data can 
be processed. 

[0039J The accuracy of restoration is changed by a 
quantity of unit data in the X - Y coordinates data. When M 
a sharp change is required, the X - Y unit coordinates 
are divided into minute portions, and when a gentle 
change is required, the unit coordinates are increased. 
Due to the foregoing, a quantity of calculation can be 
adjusted, and the processing time can be shortened, in 20 
some cases. 

[0040J When these differential data and coordinates 
date are obtained, it becomes possible to obtain the 
shape data 50 of a dental prosthesis shown in Fig. 4A. 
In this case, as can be seen in Fig. 3, the data 53 show- *s 
ing a margin in the periphery of the decayed portion can 
be easily detected, and at the same time the surface 
data 51 (exposed surface portion) of the dental prosthe- 
sis can be easily shown. 

[0041 ] Reference numeral 52 is a rib attaching portion 30 
to which a rib is attached when the machining block is 
set at the machining device. This rib attaching portion 
can be easily set. It is preferable that the rib attaching 
portion 52 is not concerned in the margin. The margin 
line 53 is a portion where the tooth and the dental pros- 35 
thesis are contacted with each other. In order to prevent 
the occurrence of a secondary decay, the tooth and the 
dental prosthesis must be closely contacted with each 
other Therefore, the accuracy of the margin line 53 must 
be high. 40 

[0042] The rib attaching portion 52 is a portion where 
the final finishing is executed when the dental prosthesis 
is machined. In many cases, the rib attaching portion 52 
is made by simple cutting. Therefore, a burr tends to be 
created in the rib attaching portion 52. Accordingly, it is 
not appropriate for the margin line 53 to be machined in 
the rib attaching portion 52. For the above reasons, it is 
preferable that the ri> attaching portion 52 is formed in 
a portion which is exposed to the surface of the dental 
prosthesis and not contacted with the margin line 53. In so 
the present invention, the portion which is exposed to 
the surface can be easily determined. Therefore, the rib 
attaching portion 52 can be very easily determined. 
Even in the case where the portion which is exposed to 
the surface Is smaller than the rib attaching portion 52, 55 
the portion 52 which does not overlap the margin line 
53 can be easily selected by the optimized calculation. 
[0043) Fig. 4B is a view showing a state in which these 



dental prosthesis data are put on the block for machin- 
ing. Reference numeral 62 is a rib, which is used for con- 
necting with the machining device. Reference numeral 
61 is an auxiliary portion. It is preferable that this auxil- 
iary portion 61 is made of material capable of being cut 
and ground in the same manner as that of the block for 
machining. When this auxiliary portion $1 is made of ma- 
terial capable of being cut and ground, it possible for a 
milling cutter to enter this auxiliary portion 61 so that the 
peripheral portion of the rib can be easily machined. 
[0044] Reference numeral 50 represents data of a 
dental prosthesis, and reference numeral 60 represents 
data of a block for machining. A block, the shape of 
which is shown by the machining block data 60, is 
formed into the dental prosthesis shape 50 by grinding 
and cutting. In this case of dental prosthesis treatment, 
in order to join the decayed portion, an adhesive is coat- 
ed. Therefore, the side of the dental prosthesis Is 
shaved somewhat deep. Thai is, what is called an offset 
treatment is conducted. A case of the offset treatment 
is shown in Fig. 5, which is a sectional view taken on 
line V - V in Fig. 4B. 

[0045] In Fig. 5, reference numeral 72 is an offset line. 
The offset line 72 is offset by a constant distance from 
the tine 54 of the dental prosthesis. However, since the 
margin line 53 comes close to the offset line 72, an offset 
value becomes 0 in this portion. 
[0046] As shown by the reference numeral 71 in Fig. 
5, in the periphery of the margin line, a portion, the thick- 
ness of which is insufficient, are caused continuously or 
dJscontinuously in some cases. Since this portion tends 
to crack in the case of chewing, it is preferable to erase 
this portion previously. Consequently, for the purpose of 
erasing this portion, the mechanical strength of which is 
insufficient, the margin line is corrected. 
[0047] In the case where the thickness changes dis- 
continuously, it is preferable that the correcting work is 
visually conducted. In the case where the thickness 
changes continuously, the data of the portion is auto- 
matically erased and corrected. 
[0048] An aim of occurrence of crack changes, de- 
pending upon materials of metal, ceramics and so forth, 
and the materials are to be appropriately selected. 
[0049] Referring to Fig. 6, an example of the device 
will be explained below which houses software for con- 
ducting a series of machining described above and con- 
ducts measuring and machining. In the main body 100, 
the measuring section 101 and the machining section 
102 are arranged symmetrically with each other. In an 
upper portion of the device, there are provided a monitor 
107 and a driver 109 used for reading and writing of an 
external memory means such a floppy disk. Reference 
numeral 108 is a simple operation panel. When an op- 
erator presses buttons, various parameters can be in- 
putted into the operation panel 108. 
[0050] It is preferable that this portion, in which the 
monitor 107 and the driver 109 are accommodated, is 
formed into a common computer portion. In this case, 
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the mouse is attached in some cases so that a detailed 
setting operation can be made on the monitor 107. Al- 
though not descrtoed in the drawing, a keyboard is at- 
tached in some cases. 

[0051] In the measuring section 101. reference nu- 5 
meral 1 04 is a contact probe. When a forward end of the 
probe 1 04 comes into contact with the surface of a den- 
tal prosthesis, a change in the probe can be turned into 
data. Reference numeral 103 is a measurement mount 
on which an object to be measured is mounted. Only 10 
one side of the measurement mount 103 can be used, 
however, the measurement mount 103 may be rotated 
so that both sides of the measurement mount 103 can 
be used. Reference mark M is a model of a tooth. The 
model shown in Figs. 1 and 2, which has been previous- 
ly formed, is mounted on the measurement mount 103. 
[0052] In the machining section 102, reference nu- 
meral 105 Is a machining mill. The machining mill 105 
can be moved up and down. Further, the machining mill 
1 05 can be moved to the right and left. In the machining w 
section 102, reference numeral 106 Is a no2zle for in- 
jecting a washing solution. This nozzle 106 is arranged 
being linked with the machining section 102. When the 
washing solution is injected, chips can be washed off in 
the process of grinding and cutting. The washing solu- 25 
tion washes away chips produced in the process of 
grinding and cutting at any time. Further, the washing 
solution cools an object to be machined. 
[0053] Reference character B is a block to be ma- 
chined, which is made of feldspar, other ceramics, tita- 30 
nium and other metals which are capable of being cut 
and ground so that the block B can be formed into a 
dental prosthesis. The block B to be machined can be 
rotated round the rib 62, so that both sides of the block 
B can be machined. 35 
[0054] In this machining device, a commonly used 
computer is housed, and processing of CAD/CAM is 
conducted by the computer. Therefore, this machining 
device can be widely and effectively used. Further, this 
machining device is integrated into one body and <o 
formed compactly. 

[0055] As described above in detail, according to the 
present invention. It is possible to accurately measure 
an indefinite dental prosthesis such as an inlay, the 
shape of which is precise. Further, It Is possible to con- 
vert the measured data into data appropriately used for 
machining. 

[0056] Figs. 7A to 7E are views showing an embodi- 
ment of a method of placing an object for measurement 
and a measuring device. An example is explained in so 
which the object 1 to be measured having a vertical hoi- 
low portion is measured. As shown in Fig. 7A, the ap- 
pearance of the object 1 to be measured is a hollow con- 
tour 1 a. The object 1 to be measured has a vertical face 
1b which is arranged in the longitudinal direction. The ss 
positioning jig 2, the shape of which is the same as that 
of the measuring probe 5, is prepared. The positioning 
jig 2 has at least a portion 2a which agrees with the ver- 



tical face 1b of the object 1 to be measured. 
[0057] As shown in Fig. 7B, the positioning jig 2 is in- 
serted into the hollow 1a of the object 1 to be measured. 
Then, the positioning jig 2 is fixed so that a hangover 
portion cannot be created in the direction of the jig. In 
the drawing, the shape of the positioning jig 2 is the 
same as that of the object 1 to be measured. However, 
the present invention is not limited to the above specific 
embodiment, and the following arrangements may be 
adopted. The positioning jig 2 has at least a portion 
which agrees with a vertical face of the object 1 to be 
measured, and also the positioning jig 2 has at least a 
portion which agrees with a horizontal face of the object 
1 to be measured. The position of the object 1 to be 
measured can be adjusted in such a manner that the 
object 1 is lifted up or moved upward by being linked 
with the positioning jig 2, so that the vertical face and 
the horizontal face of the positioning jig can be made to 
agree with the vertical face and the horizontal face of 
the object 1 to be measured. 

[0058] The positioning jig 2 is attached to the meas- 
uring device 3, and the measuring device 3 is operated 
and moved to a position, the height of which is close to 
the height of measuring the object. Under the above 
condition, the object 1 to be measured is fixed to the jig 
4 for fixing the object to be measured (Fig. 7C). 
[0059] At this time, the jig 4 for fixing the object 1 to 
be measured and the face 1 b of the object 1 to be meas- 
ured are set perpendicular to each other. This perpen- 
dicular relation of the jig 4 with the face 1 b of the object 
1 to be measured is expressed by reference mark R. 
The jig 4 for fixing the object to be measured is provided 
with an adjusting section 4a for arranging ihe vertical 
portion with accuracy. When the object 1 to be meas- 
ured is vertically arranged in this adjusting section 4a, 
the object 1 to be measured is fixed as it is. Therefore, 
this adjusting section 4a is provided with a pushing and 
fixing tool, 

[0060] Next, the positioning jig 2 is removed from the 
object 1 to be measured while the object 1 to be meas- 
ured Is being kept stationary so that it cannot move from 
the fixing jig 4 (Fig. 7D). 

[0061] Under the above condition, no overhang por- 
tion is created in the hollow portion 1 a of the object 1 to 
be measured when the object 1 Is viewed from the po- 
sitioning jig 2, that Is, the hollow portion la of the object 
1 can be measured by the measuring probe 5. There- 
fore, the positioning jig 2 is detached from the measuring 
device 3, and the measuring probe 5 is attached to the 
measuring device 3 so as to conduct a measurement of 
the hollow portion 1a of the object 1 to be measured (Fig. 
7E). 

[0062] Further, an example of measuring an object 1 1 , 
the shape of which is convex, is shown in Figs. 6A and 
88. In Fig. 8A, first, the member 21 having a concave 
shape Is made of impression material and positioned in 
the same manner as that described above. That is, the 
member 21 having the concave shape shown in Fig. 8A 
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issetinthesamestateasthatoftheobjectl tobemeas- 
ured shown In Fig. 7C. 

[0063] This member 12 having the concave shape is 
inserted into the object 11 to be measured, the shape of 
which is convex. In this state, the rotary shaft 1 3 is con- 5 
nected to the object 11 to be measured. 
[0064] The rotary shaft 13 is accurately rotated by 
180° to the measuring direction, and the measuring 
probe 5 is connected with the measuring device 3. Un- 
der the above condition, the surface shape of the object io 
11 to be measured is measured (Fig. 8B). 
[0065] Fig. 9 is an example of the measuring and ma- 
chining device used for dentistry to which the present 
invention can be preferably applied. This measuring and 
machining device is similar to the machining device '5 
shown in Ftg. 6. 

[0066] Reference numeral 100 is a body of a meas- 
uring and cutting device used for dentistry. This meas- 
uring and culling device used for dentistry includes: a 
section for measuring a shape of an object; and a cutting 20 
section for processing shape data obtained in the meas- 
urement and for cutting a block made of a prosthesis 
material according to the shape data. 
[0067] Reference numeral 101 is a measuring sec- 
tion , in which the model M is set on the measuring mount 25 
103 which is manually or automatically rotated or slid. 
In this case, it is preferable that the measuring mount 
103 is manually or automatically slid. In this measuring 
section 1 01 , the measuring probe 1 04 Is contacted with 
this model M, and the surface shape of the model M is 30 
measured according to a displacement of the measuring 
probe 104. 

[0066] Reference numeral 102 is a cutting section 
(machining section). In the cutting section 102, there is 
provided a rotary drill 105 capable of sliding up and 35 
down and also sliding to the right and left. In the cutting 
section 102, the block B, which is made of feldspar, ce- 
ramics such as hydroxyapatite or metal such as titanium 
capable of being used as a dental prosthesis material, 
is supported. When necessary, the cutting section 1 02 *o 
includes a support mount 1 1 1 capable of rotating or slid- 
ing by manual or automatic operation. 
[0069] Further, there is provided a nozzle 106 from 
which water is outputted for washing away chips, which 
are produced when the rotary drO1 105 comes Into con- <5 
tact with the block B and grinds and cuts It, from the 
block B. This nozzle 106 is arranged being linked with 
the rotary drill 105. 

[0070] Both the measuring section 1 01 and the cutting 
section 1 02 include transparent cover sections FK, FS, 50 
which can be opened in the vertical or traverse direction, 
for preventing the chips from scattering and also for pro- 
tecting the measuring section. 
[0071] Reference numeral 107 is a monitor which is 
used for monitoring the states of measuring and cutting 55 
when the measuring and machining device is operated. 
Reference numeral 108 represents panel switches 
which are pressed for adjusting the measuring and cut- 



ting motion. Reference numeral 1 09 is a drive unit which 
\s used when data are read from the recording medium 
or written into recording medium when necessary. 
[0072] The recording medium comprises a floppy 
disk, MO, CD-ROM and so forth. This recording medium 
is appropriately selected in accordance with the drive 
unit. Reference numeral 1 1 0 is a mouse. The mouse 1 1 0 
is used when an icon is indicated and executed with a 
pointer which is linked with a movement of the mouse 
so that an image can be formed on the monitor. In some 
cases, the mouse can be more easily operated than the 
panel switches 108. 

[0073] The main body houses at least a commonly 
used computer. This computer conducts a compound 
calculation of the measured data. Further, this computer 
makes the device conduct a measuring motion by utiliz- 
ing the well known technology of CAD. The present in- 
vention mainly covers a process to be conducted before 
a measurement. A program based on this process is ex- 
ecuted, and it is preferable that the program based on 
this process is temporarily or steadily stored. 
[0074] It is more preferable that the main body houses 
another computer so that the drive of the rotary drill for 
cutting can be controlled. 

[0076] In this connection, according to the arrange- 
ment of the device concerned, it is possible to conduct 
copy machining in which the measuring and the cutting 
operation are simultaneously carried out by being linked 
with each other. 

[0076] As described in detail above, according to the 
present invention, the following effects can be provided. 
It is possible to provide an object to be measured, which 
is set in an accurately vertical or horizontal condition, by 
a simple method. Further, it is possible to obtain precise 
information of the shape in the periphery of the object 
to be measured. 



Claims 

1. A method of manufacturing a dental prosthesis 
comprising the steps of: 

obtaining shape data of a portion to be pros- 
thetlcaliy treated and shape data of a surface 
condition after prostheticalfy treated; 
obtaining shape data of a prosthesis from the 
two shape data; 

obtaining contour data of a portion at which the 
prosthesis contacts a tissue of a living body and 
which appears outward; and 
converting the shape data of the prosthesis into 
cutting data for cutting a block to be machined 
which is assumed to have a connecting rib 
which is connected to the prosthesis at a region 
appearing outward on the shape data of the 
prosthesis and substantially not contained in 
the contour data. 



13 



EP 1208 811 A1 



2. A method of manufacturing a dental prosthesis ac- 
cording to claim 1 , wherein, with respect to the two 
shape data, the respective shape data are convert- 
ed Into three-olmensionaJ data, the two dimensions 

in the three dimensions concerned are made to be 5 
reference dimensions and compared with other di- 
mension data, and a change In the comparison is 
composed into data so that the prosthesis shape 
data can be obtained. 

10 

3. A method of manufacturing a dental prosthesis ac- 
cording to claim 1, wherein the three-dimensional 
contour data are made when the respective shape 
data are substantially superimposed on each other, 
with respect to the three-dimensional data which '5 
are superimposed on each other, the two dimen- 
sions in the three-dimensional data are made to be 
reference dimensions, and a portion in which a val- 
ue of other dimensions is changed or a portion in 
which a change exceeds a predetermined value Is 
made to be the three-dimensional contour data. 

4. In a device for obtaining surface shape data of an 
object to bo measured by contacting a probe, which 
moves up and down and also to the right and left in 2s 
a form fixed in one olrection, to the object to be 
measured, a method of placing the object, compris- 
ing the steps of: 

arranging an adjusting means, the side of which 30 
has a vertical or horizontal state, at a position 
corresponding to the probe; and 
contacting and fixing the object to be measured 
on a setting surface for the object while the ver- 
tical or horizontal surface of the object to be 35 . 
measured Is contacted with and held by the 
side of the adjusting means. 

5. A measuring device comprising: 

. 40 

an adjusting means for obtaining shape data 
when it contacts an object to be measured and 
moves up and down and also to the right and 
left in a form fixed in one direction, the side of 
the adjusting means having a vertical or hori- 43 
zontal reference condition; 
a means for contacting and holding a vertical 
or horizontal surface of the object to be meas- 
ured on the side of the adjusting means; and 
a means for contacting and fixing the object to so 
be measured on a setting surface for the object 
under the holdod state. 

6. A measuring device according to daim 2, wherein 
the adjusting means has a vertical or horizontal ref- 55 
erence condtion and is a probe to measure a sur- 
face shape of the object to be measured. 
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Reference Numerals 

1 • • • object to be measured 
la • • concave contour shape 
lb • - • Vertical face 

2 • • Positioning jig 

3 • • • Measuring device 

4 • • • Jig for fixing an object to be measured 
4a • • - Adjusting member 

5 • • ♦ Measuring probe 

11 • • • Convex object to be measured 

12 • • • Concave member 

13 • • Rotary shaft 

21 • • • Tooth 

22 • ■ • Decayed portion 

23 • ■ • Temporary prosthesis portion 

14 • • Surface data of an inverted temporary prosthesis 
portion 

42 ■ • Surface data of an inverted tooth 

43 * • • Decayed portion 

44 • • - Decayed portion 

50 • • • Prosthesis profile data 

51 • • • Surface data 

52 • • Rib attaching portion 

53 ■ • Margin line 

54 • • • Line of a prosthesis 

60 • • • Data of a machining block 

61 • • • Auxiliary portion 

62 • • ■ Rib 
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71 • • Portion having insufficient thickness 

72 • ■ • Offset line 

100 * • * Main body 

101 • • • Measuring section 

102 ■ • • Machining section 

103 • • Measuring mount 

104 ■ ■ • Contact probe 

105 • • « Machining mill 

106 • • • washing solution injection nozzle 

107 • • • monitor 

108 • • • operation panel 

109 • • • Driver 

110 • • • Mouse 
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